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SUMMARY 


The thermal analysis presented in this paper is a first step in the design of 
thermal containers to house the electronics for the 122 m Hoop Column Antenna 
Radiometer concept. The analysis accounts for geometric peculiarities, orbital 
parameters, and thermal considerations. The analysis used a computer aided graphics 
package called ANVIL 4000 (ref. 9) to develop the geometric configuration of the 
radiometer containers. Also, two thermal models were developed to obtain the 
container surface temperatures. The first model was developed using a computer 
software system called TRASYS (ref. 10) which solves radiation relationships for 
thermal problems. Incident and absorbed heat rate data from environmental radiant 
heat sources to nodes are provided, in addition to radiation interchange data between 
nodes. The TRASYS model which consisted of 28 nodes provided orbital heat inputs to 
the radiometer containers which were used by the second thermal model. 
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computer code called MITAS II (ref. 11). The MITAS II model which consisted of 
28 nodes and 94 conductors, accepted the environmental heat loads generated by the 
TRASYS model and calculated the surface temperatures of each container for selected 
emittance (e) and solar absorptance ( a g ; ref. 12). 


The results of the thermal analysis provide relationships between a /e ratios 
and the "average" surface temperature for each orbiting radiometer container. Using 
these graphic relationships one can specify the thermal surface properties of the 
containers in terms of absorptance and emittance or, an average surface temperature 
for each container can be determined if surface material is known. Finally, the 
thermal models developed for this analysis can be used to define the total thermal 
control system required for each container of the radiometer instrument. This paper 
makes an initial attempt to look at the surface temperatures of the containers for 
selected solar absorptance and emittance ratios. The models can also be used to 
determine the inside wall temperatures of the containers, the quantity of heat to be 
removed by an active thermal system, and ultimately to obtain a heat balance for the 
containers so that the critical electronic components can be thermally stabilized. 
Furthermore, the thermal models could be used for comparison when actual instrument 
testing is conducted. 


INTRODUCTION 

NASA Langley Research Center has been interested in demonstrating the technology 
of obtaining geophysical parameters such as soil moisture, sea surface temperature, 
wind speed, and salinity for several years. Several aircraft instruments nave been 
developed to obtain these data. A recently developed instrument, the "Pushbroom 
Microwave Radiometer" (ref. 1) serves as a basis for the development of a spacecraft 
radiometer for earth observations. 


Reference 2 cites forecastings of agricultural production, management of land 
use and water resources as efforts that should be pursued. The Global Environment 
Program objectives (ref. 2) include monitoring, forecasting, and assessing global 
weather, air, and water quality. One method of global determination of these natural 
phenomena is through the usage of a Large Space Antenna (LSA) using microwave 
measurements . 

One LSA concept being considered for development at Langley Research Center is 
the 122 m Hoop Column Antenna (HCA) shown in figure 1. This instrument will be a 
radiometer designed to detect electromagnetic radiation from Earth sources — soil and 
vegetation, at 1.4 GHz to infer their geophysical parameters. Electronic concepts 
for the acquisition and interpretation of these electromagnetic signals for the 
122m HCA have been discussed in references 3, 4, and 5. 

The concepts and analysis presented here provide information for the future 
development of the LSA radiometer concept. This paper will first present the 
geometric configuration required to house the detecting and processing electronics — 
the antennae feed network, for the 122 m HCA in a space environment. The housing 
which thermally isolates these components from the space environment, will be called 
the "radiometer container" for simplicity. Second, it will present the results of 
the thermal analysis of the radiometer containers with respect to their average 
surface temperature during four Earth orbits. And third, it will provide 
recommendations for extending the use of the analytical models for future studies. 


RADIOMETER CONTAINER CONCEPTUAL CONFIGURATION 

The operation of the 122 m Hoop Column Antenna (HCA) used as a radiometer is 
shown in figure 2. In this figure, electromagnet ic radiation from Earth sources 
(soil and vegetation) is received by the antenna and converted into an electrical 
signal. This signal is then transmitted back to an Earth station for information 
processing. The basic concept for this radiometer was the Pushbroom Microwave 
Radiometer (PBMR) which was built and aircraft-tested at Langley Research Center. 

The thermal control work done in housing the radiometer is described in reference 1 
and is the starting point for this paper in developing a geometric configuration for 
space application. 

Three critical requirements had to be achieved with the PBMR: (1) the sensitive 

electronic components and the feed network of the radiometer had to be stable within 
±1.0°F of a set temperature; (2) several integrated components of the electronic 
circuit had to be controlled within ±0.1°F about a set temperature; and (3) the 
active surface — i.e. the surface receiving the electromagnetic signal, had to be 
"radiometr ically transparent." This meant that the active surface would have to be 
made of a material which would transmit the 1.4 GHz radiometric signal from Earth 
sources and reflect or emit little or no radiation at that frequency. 

These same requirements are applicable to the 122 m HCA radiometer concept and 
in addition, (4) the instrument must be Shuttle compatible with respect to weight, 
stowability and deployability; and (5) the thermal control system must be as passive 
as possible because of limited solar battery power. Considering these five critical 
requirements, a data sheet was generated which defines the orbital, geometric, and 
thermal envelopes needed to develop the "radiometer container" concept. 

Using constraints listed in Table 1, several radiometer container configurations 
for the electronic components were proposed in references 3 and 6. Figure 3 shows 
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the final concept which incorporates three separate radiometer containers to provide 
adequate field coverage. 

Thermal control considerations for the proposed geometric configuration of the 
radiometer instrument is the goal of this project. However, in this paper, the 
determination of the surface temperature for the three radiometer containers in a low 
Earth orbit will be the first step in the development of the thermal control method. 

Based on previous data (refs. 13, 14, and 15), multilayered insulation (MLI) 
composed of Kapton and fiberglass would be a viable concept for the radiometer 
containers for structural and thermal protection. Beneath the MLI, alternating 
layers of styrofoam and honeycomb separators thermally isolate the internal 
electrical components (fig. 4). The location of the active thermal control system 
which would provide set point control of ±1.0°F and ±0.1°F for selected electronic 
components, is also shown in figure 4. In addition, there are provisions for 
radiators if the container surfaces need to eliminate excess heat. This 
configuration would provide the structural integrity needed for strength and 
flexibility and thermal isolation for the radiometer components, while satisfying the 
radiometric transparency requirement. The radiometer instrument is to be equipped 
with solar batteries, however, the power available to operate auxiliary systems, such 
as an active thermal control system, would be small. For maximum passive thermal 
control, a thermal control coating could be applied to the MLI shell of the 
radiometer containers. Since a specific coating or radiometric properties — 
absorptivity (a ) and emissivitye (e) — were not designated for the containers, a 
range of (a^/e) ratios were studied. 

The a /e ratios were studied by modeling the container surfaces in an Earth 
orbit and obtaining their radiant heat loads. Those loads were then converted into 
container surface temperatures which dictated desirable a / e 
ratios. 

The description and results of the analysis comprise the remainder of this 
report . 


THERMAL ANALYSIS 

Solar, Earth, and albedo radiation are the three sources which heat the surfaces 
of the radiometer containers while in orbit. 

Earth and albedo radiation inputs vary primarily because of the container's 
orientation in orbit with respect to the sun and weather patterns of the Earth's 
atmosphere (fig. 5). However, the radiation from the sun seen by the containers is 
approximately constant. Van Vliet (ref. 12) states that a satellite in Earth orbit 
absorbs solar and albedo radiation at wavelengths between 0.3 to 2 microns. The 
satellite also absorbs Earth radiation and emits its absorbed energy at wavelengths 
between 0.5 to 50 microns. Wavelengths in the region of maximum solar radiance 
account for the major heat inputs to the satellite while reradiation at longer 
wavelengths are significant for radiative cooling. The absorptance in the solar 
region is designated by a while e represents the emittance at longer 
wavelengths. Passive thermal control is critically dependent on u g /e which serves 
to determine the surface temperature. 

Kirchhoff's law states that the ratio of emissive power of a surface to its 
absorptance, at thermal equilibrium with its surroundings, is equal for all bodies 
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which suggests a/e = 1.0. Also, Kirchhoff's law states that at a specific 
wavelength, the absorptance and emittance are equal: = e 

For an orbital analysis, thermal equilibrium between the satellite and the space 
environment will not be achieved, thus a,T^ * £ A^2* Since solar absorptance of a 
satellite and its emittance are considered at different wavelengths (ref. 12), 


“i, T l * E * 2 T 1 


* x 2 ) 


in essence, Kirchhoff's law is not violated. 

Finally, the a /e ratio for a surface or body in orbit can vary from 0.1 to 10 
or more, depending on its thermal-optical properties. 

In the analysis presented, the solar absorptance (ot g ), of the radiometer 
containers, integrated over the solar wavelength spectrum is ratioed to the 
emittance (e) at different wavelengths. The ratio was varied, with no specific 
coating indicated, and container surface temperatures were determined. A limited 
surface temperature range was then used to determine acceptable a g /c ratios for the 
selection of thermal control coatings. 

Determination of the surface temperatures and properties for the three 
radiometer containers was done by implementing the following steps: 

1. Defining the orbit for 122 m HCA. 

2. Defining the specific geometry for each radiometer container and its orbital 
orientation to Earth and the sun. 

3. Calculating the incident heat fluxes on each radiometer container for 

different a /e ratios, 
s 

4. Calculating all surface temperatures for each container. 

5. Plotting "average" surface temperature versus a g /e ratios. 

Figure 6 shows the analysis tools and methods used to accomplish the five steps. 

Orbit Definition.- Numerous mission tradeoffs were made for the 122 m HCA 
radiometer to determine orbital parameters for optimum radiometric performance. 
Definition of this optimum orbit included: (a) a low Earth orbit — 666 km altitude, 

for optimum signal to noise ratio, (b) antenna inclination of 90-98° for pointing 
precision maximization, (c) a sun angle, 6, of 90°, and (d) a continuous Earth facing 
orbit to optimize surface coverage. These parameters were calculated using a Langley 
Research Center-developed software package called "IDEAS" — Interactive Design and 
Analysis of Future Large Space Concepts (ref. 8), and they completely define the 
thermal environment for the analysis of the 122 m HCA. 

Geometric Definitions.- Determination of the surface temperature of the three 
radiometer containers posed a special problem. The surface temperature is determined 
by calculating the incident heat flux on the containers from their exposure to 
potential radiation sources including Earth, deep space, and sun. The quantity of 
heat for each surface is dependent upon the thermal-optical properties of the 
surface, the source, and its projected surface area. This area is calculated by the 
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product of the total surface area and the cosine of the angle produced by the line- 
of-sight of the source, and the normal axis of the surface. In this case, the 
surfaces of all three containers are at skew and compound angles to any line-of-sight 
and the most casual effort to determine these areas would be a formidable task 
(figs. 4 and 7). Therefore, a three-dimensional computer model using ANVIL 4000, a 
computer aided-design (CAD) software package, was developed (ref. 9). This model 
shown in figure 7 depicts exact dimensions, geometric angles from the source (sun), 
line-of-sight, and volumes for the containers. Finally, using this model, the 
calculation of incident heat fluxes could be managed and directly related to all 
surfaces with consistency and accuracy. 

Heat Flux Model.- Using the coordinates for the three radiometer containers 

generated by ANVIL 4000, the heat flux model was developed using Martin Marietta's 

Thermal Radiation Analyzer System software — TRASYS. The TRASYS model shown in 
figure 8, consisting of 28 nodes, represents all container surfaces. This model was 
used to determine the precise incident fluxes generated from orbital sources — sun, 
Earth, and deep space. Radiation exchange between radiometer containers was included 
in the calculation of heat fluxes; however, shadowing of containers by each other was 
considered minimal and was not included. Representative heat fluxes for the orbit 
definition and selected surfaces on the upper and lower left containers are presented 
in figures 9 through 15. It should be noted that the heat fluxes for the bottom left 

and right containers are similar; therefore, only the left is presented. 


Surface Temperature.- The heat fluxes determined from the TRASYS model were used 
as inputs to a final computer model used to calculate container surface temperatures. 
This model was developed using a finite differencing program called MITAS — Martin 
Marietta Thermal Analysis System. The heat fluxes from TRASYS are converted by MITAS 
into input heating rates to the container surfaces. This heat input is then resolved 
into surface temperatures based on the material conductivities and the radiation 
factors between surface and sources. The total joule heating generated by the 
electronics would be 500 watts per container — 3 watts/nr (0.09 watts/ft J ), and was 
considered a neglible internal heat source. The MITAS model shown in figure 16 
consists of 28 diffusion nodes, 1 boundary node, 50 linear conductors, and 
54 nonlinear radiation conductors. 


Considering the quantity of data to be collected — 5000 surface temperatures, and 
the fact that the fluxes (heat input) experienced by the bottom "left" and "right" 
containers are the same, symmetry was employed to reduce the quantity of data 
needed. Therefore, the "top" and "bottom left" radiometer containers will be used 
for the surface temperature study. 

An initial study was made for the radiometer containers in orbit to roughly 
estimate the temperature levels they would experience. This study did not include 
radiation exchange between containers and radiation from sources was assumed to be 
maximum. The results of this initial "look" indicated that the container surfaces 
with an absorptance of 0.5 and an emittance of 0.9, thus a /e ~ 0.6, would not 
exceed the -4°F to 150°F range for the enclosed electronics. The surface temperature 
of the sun facing surfaces, however, did exceed the temperature range and was 
attributed to their full sun-to-full shadow exposure during orbit. Finally, an 
"average" container temperature was calculated for each container and this 
temperature was within the temperature limits of the electronic components. 

At this point in the analysis, it was clear that a decision would have to be 
made whether all surface temperatures for each container be evaluated individually or 
an "average" container surface temperature be used. It was decided in the interest 
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of simplicity and ease of discussion, the "average" container surface temperature 
concept would be used. This method would bracket the available choices of u /e 
ratios for each radiometer. Specific surface temperatures could then be examined for 
each radiometer container to ensure compliance with design requirements. Therefore, 
a study of the a /e ratios and its effect on the "average" container surface 
temperature was conducted. 

The radiometer containers — "top" and "bottom left," were simulated through four 
orbits around Earth using the complete MITAS thermal model shown in figure 16. Four 
orbits were selected to ensure that the containers would reach a stable thermal 
level. The a /e ratios examined would range from 0.1 to 5.0. Since either 
absorptivity or emissivitty can be varied, it was decided that the absorptivity would 
be changed from 0.1 to 0.9 Figure 17 shows all the possible ot g /e ratios and the 
ones selected for this study. 

The reasoning used for selecting the indicated a /e ratios shown in figure 17 

is as follows. The initial study conducted for the raiiometer containers using an 

absorptance of 0.5 and an a /e = 0.6 served as a starting point for the examination 

of the complete MITAS model. S For this absorptance, a = 0.5 other a /e 

ratios — 0.7, 1.0, 2.0, and 5.0 were explored. Finally, in order to obtain a clearer 

picture of the containers surface temperatures other absorptances were examined for 

various a /e ratios. This examination covered absorptances from 0.1 to 0.9 and 

included a /e ratios from 0.1 to 5.0. 
s 

For each a /e ratio selected, all surface temperatures were obtained through 
the MITAS model. S Then, an "average" surface temperature for each container was 
calculated to judge the validity of the selected a g / E ratio. A "weighted" average 
surface temperature was adopted and was defined as 

n 

£ T.A . 

TAVG = i = 1 1 1 

n 

l A . 

i = i 1 

T^ is a surface temperature at a specified time in each orbit, A^ is the area of that 

surface, i represents the specific surface of a container, and n the number of 

surfaces for a specific container. In each of the four orbits, at consistent times, 

the maximum and minimum temperatures were obtained for each surface and put into 

equation (1). These temperatures — TAVGMAX and TAVGMIN — were then plotted against 

the a /e ratios to create a tool for selecting surface properties for the 

radiometer. Since the temperature envelop for the enclosed electronic equipment was 

-4°F to 150°F, it was arbitrarily decided that the temperature limits used to 

evaluate the a /e ratios would be 0°F minimum and 100°F maximum, 
s 


where n = 6; for "top" container 

n = 7; for "bottom" container 


( 1 ) 


RESULTS 

Graphic representation of the "average" container surface temperatures for the 
"top" and "bottom" radiometers are presented. These temperatures were calculated at 
various a /e ratios. Finally, a summary is presented demonstrating the use of the 
surface temperature vs. a s / e ratio curves. 
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Top Radiometer Container ,- In figure 18, we see that for absorptances of 
0.1 through 0.4, the average surface temperature envelop for the top radiometer 
container is from 20°F to -100 U F and below. The criteria used for selecting a 
desirable a /e ratio, is that both TAVGMAX and TAVGMIN surface temperatures must be 
above the minimum electronic component temperature limit of 0°F. In figure 18, the 
surface temperature criteria is not met, therefore, no a /e ratio is selectable for 
absorptances from 0.1 to 0.4. 

In figure 19 for absorptances of 0.5 through 0.9, the surface temperature 
envelop is from 80°F to -60°F. TAVGMAX and TAVGMIN surface temperatures for a /e 
ratios from 1.0 to 2.0 straddle the minimum component temperature limit and for S a /e 
ratios from 2.0 to 5.0 are below the minimum temperature limit. Therefore, a /e S 
ratios from 1.0 to 5.0 are unacceptable. However, a /e ratios from 0.6 to S 
1.0 produce average surface temperatures that fall wifhin the maximum and minimum 
component temperature limits. Therefore, absorptances of 0.5, 0.6, 0.7, 0.8, and 0.9 
are acceptable and can be considered in defining thermal properties for the "top" 
radiometer container. 

Bottom Left (Right) Radiometer .- In figure 20 we see that the container average 
surface temperatures for a /e ratios 1.0 through 5.0 do not meet the criteria of 
being above the minimum component temperature limit, therefore, absorptances from 0.1 
to 0.4 do not qualify for consideration. 

In figure 21, a /e ratios from 0.6 to 1.0 produce average surface temperatures 
that meet the criteria and absorptances of 0.5, 0.6, 0.7, 0.8, and 0.9 can be 
considered in defining the thermal properties for the "bottom" left radiometer 
container. Symmetry of the bottom left and right radiometer containers, eliminates 
the need to analyze both containers. The temperatures, a /e ratios, and acceptable 
absorptances apply for both containers. 


CONCLUSION 

Figure 22 shows the thermal regions where selectable absorptances, for maximum 
or minimum surface temperatures of the "top" radiometer container, can be found. 

These regions are bound by the minimum component temperature limit, the a /e ratio 
range — 0.6 to 1.0, and the maximum "average" surface temperature for each absorptance 
value — 0.5, 0.6, 0.7, and 0.9. Using these regions and absorptance contour lines, 
the surface properties of the "top" radiometer container can be determined. For 
example, if an "average" surface temperature of 20°F was selected for this container, 
an a =0.5 would be chosen for the highest expected surface temperature. An 
a = 0.9 would be available for the lowest expected surface temperature. From the 
intersection of the selected temperature and the absorptivity contour line, an a/e 
ratio is defined and thus emittance. Figures 23A and 23B indicate the thermal 
regions and absorptance contours for the "bottom" radiometer containers. Once the 
properties are defined for each container, selection for the proper surface coating 
or texture can be conducted. 

Recommendations.- The investigation undertaken in this paper provides a starting 
point for future, detailed analysis of the 122 m HCA radiometer concept. Once a 
desired operating temperature for the enclosed electronics is chosen, several avenues 
should be explored: 

1. Examination of the specific container surfaces .- The average surface 
temperature obtained in this paper simply specifies all surface properties as equal. 
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As seen in the initial study, the sun facing surface experiences larger temperature 
swings, therefore, special attention should be given to this surface. The other 
surfaces should be well within the temperature limits using the technique developed 
in this paper. 

2. Inside wall surface temperature .- Once the outside surface temperatures are 
determined, further study of the inside wall temperatures will define the thickness 
of the container skin and the thickness of the honeycomb isolators. In addition, the 
knowledge of the inside surfaces will determine if radiators or heat pipes are needed 
for thermal transport of heat buildup. 

3. Comparison tests.- The results from these detailed studies should then be 
compared with thermal testing data to insure survivability of the thermal coatings or 
textures selected. 

Execution of the above recommendations would complete the work started here in 
designing the 122 m Hoop Column Antenna Radiometer containers. 

Langley Research Center 

National Aeronautics and Space Administration 
Hampton, Virginia 
August 1986 
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Orbital, Geometric, and Thermal Data 
for the Radiometer Container 


Orbital Data+ 


- Altitude: 666 km; low Earth orbit 

- Orbit plan inclination: 90° - 98° 

- Antenna orientation: Earth oriented 

- Mission duration: 3 years 

- Orbit type: polar 

- Beta angle (sun angle): 90° [angle of sun line-of-sight to Earth's axis] 

Geometric Data 


- Radiometer container envelope*; 15.5 m x 3.5 tn x 0.3 m 

- Container weight++: 977 kg; 244 kg/container 

- Internal electronics and thermal instruments*: 

• receiver array and p. c. boards 

envelope: 15.0 m x 3.0 m x 0.05 m 

weight: 700 kg 

• electronic and thermal systems 

envelope: 15.0 m x 3.0 m x 0.15 m 

weight: 120 kg 

Thermal Data 

- Electronic components: max 150°F 

min -4°F 

- Dissipated power per container: 500 watts 

- Container material: Kapton-f iberglass 

multi-layered insulation; 
"radiometrically transparent" 

- Container surface absorptance and emittance: TBD 


+ref . 2 
*ref. 6 
++ref. 7 


Table 1.- 122 m radiometer container design data. 
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Si p age is 
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Radiometer containers 


Hoop antenna dish 


Figure 1. - 122m Hoop Column Concept. 
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gure 3. - 122m Hoop Column radiometer concept. 



Thermal control coating 
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I — Earth facing side 

Figure 4. - 122m radiometer container structural concept. heat sink area 
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Figure 6. - Thermal analysis flow chart. 




15.533 



Figure 7. - ANVIL 4000 computer generated model of three radiometer containers 
for 122m HCA. 
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Figure 8. - 122m HCA TRASYS model. 
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Figure 9. Heat fluxes for surface 1; top radiometer container 
a *.5, £ * . 9, 90°; sun facing surface 



1 Solar flux 

2 Albedo flux 
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Figure 10. Heat fluxes for surface 2; top radiometer container 
a -.5, £-.9, 6*90°; edge 
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Legend 
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Figure 12. Heat fluxes for surface 6; top radiometer container 
a *.5. £-.9. 0 = 90°: 
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Emittance, £ 



Initial 

Study- 


Figure 17.- Absorptance vs. emittance, a /e ratio table 


Maximum temperature limit 
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Figure 18. -Average surface temperature envelop for "top" radiometer 
container; a ■ 0. 1, and 0.4. 

r ’ 
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Figure 19. - Average surface temperature envelop for "bottom" radiometer 
container, a * 0.5, 0.6, 0.7, and 0.9. 


TAVG max 
TAVG min 



Figure 20. - Average surface temperature envelop for "bottom" radiometer 
container; a *0.1 and 0.4. 
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Figure 21. Average surface temperature envelop for "bottom" left radiometer 
container; a *0.5, o. 6, 0.7, and 0.9 
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Figure 22. Absorptance selections for maximum or minimum surface 
surface temperature 
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Figure 23. Absorptance selections for maximum or minimum 
surface temperature 


APPENDIX 
TRASYS RADIATIO 

AND 

MITAS THERMAL 
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N MODEL 
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This appendix contains the two thermal source programs used by TRASYS and M1TAS 
II to calculate heat fluxes and surface temperatures, respectively. 

The source program used for TRASYS represents the geometric configuration of the 
radiometer containers in a 666 km Earth orbit. Inputs required for this program 
included geometric coordinates, surface properties — absorptance, emittance, and 
orientation of surfaces with respect to the sun and Earth. The following are partial 
statements used in the program: 

SURFN = 1 } node number 
TYPE = RECTANGLE } surface shape 
PROP = ct ,e} surface properties 

PI = X^Yj, Z l 

P2 = X 2 , Y 2 , Z 2 geometric coordinates 

P3 = X 3 , Y 3 , Z 3 

CALL 0RBIT2 (. . . Earth, . . . 3 = 90°, . . . 666 km)} orbit definition 

Further details and information about the TRASYS program can be obtained from 
reference 10 and the Langley Research Center custodian of TRASYS. 

The MITAS II source program represents the nodes (capacitance) and conductors 
(linear and nonlinear) for the surfaces of the three radiometer containers. Inputs 
include initial temperatures of surfaces, constants for repetitive calculations, 
relaxation criteria, arrays for the variable heat fluxes of orbit for each surface, 
orbit time array, and variable absorptance and emittance locations. 

Nodal values for each surface were calculated using the relationship: 

NODE VALUE * (density)*(volume)*(specific heat) 

Conductor values for each node were calculated using the relationship: 

Conductor value = (area)* (conduct ivity) 

length 

comments in the source program indicate the sun and Earth facing surfaces. 
Representative statements for nodes and conductors, respectively. 


Node 

Initial Temperature 

Node Value 

1 , 

75, 

283.33 

Conductor 

Start, End 

Conductor Value 

12 , 

1 , 2 , 

.42 


Further information can be found in reference 11 and the Langley Research Center 
MITAS custodian. 
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T R A S Y S 


SOURCE 


CODE 


38 


original page is 
of POvR Quality 

HEADER OPTIONS DATA 

TITLE 1 22li HOOP COLUMN TRIPLET FEED 
MODEL-FEEDS 

C **** THESE NEXT TWO CARDS ARE FIRST RUN RESTART CARDS **** 
C RSO=RSGl 


•OIJR CARDS ARE SECOND RUN RESTART FILE NAMES **** 


C RT0--RT01 

C ***** THESE NEXT 
C RSC)=RS02 

C RT0=RT02 

C RSI-RSOl 

C RT I=RT01 

HEADER SURFACE DATA 

D 3. 280$>C0N VERT S METRIC INPUT DIMENSIONS TO FEET 

C ****** SUN FACING SURFACE OF TOP 


EED ( RF TRANSPARENT--KAPTON , F/G , PA'I NT ) 


C **** THE EM I SS IT IVY OF SURFACES 1 ,2,4,5 


, 6 , 


O On Ol 70 


: DUG ED FROM: 


7 TO: .5 


C**** 212, 220 ,221 , 230 , 23 I , & 232 IS R 
BCS TOP 

S SlJRFN-i 

TYPE=RECT 
ACT I VE-BOTTOM 
PR0P»0.5,0. 5 

P 1 = 1 1 5 . 922 , I 27 . 859 , 7 . 766 
P2= 114. 522 , 1 25 . 1 69 , 7 . 766 
P3- 1 1 4 . 522 ,125.1 69 , -7 . 766 

C ***** RIGHT EDGE < IN RIGHT VIEW ) POSSIBLE RADIATOR 
S SURFN-2 


C 

s 


C 

Q 


TYFE>RECT 
ACTIVE-BOTTOM 
PROP— O . 5 , 0 . 5 

Pl»115. 922 , 1 27 . 859 , -7 . 766 


P2= 114. 522 , 3 25 . 1 69 , -7 . 766 
P3- 114. 70 1 , 3. 25 . 074 , -7 . 766 
***** EARTH FACING SURFACE (POSSIBLY ALUMINUM) 

SURF- N- 3 
TYPE-RECT 
ACT I VECTOR 
PROF-O . 9 , 0 . 9 

P :t = 1 1. 6 . 1 0 1 , 1 27 . 764 , 7 „ 766 
P2= 1 3. 4 . 70 1 , .1 25 . 074 , 7 . 766 
P3- 1 1 4 . 70 1 , 3. 25 . 074 , -7 . 766 

****** LEFT EDGE 1 IN RIGHT VIEW) POSSIBLE RADIATOR 
SURFN=4 
TYPE=RECT 
ACTIVE— TOF' 

PR0P=0. 5 , 0. 5 

P 1 - 3. .1 5 . 922 , 3. 27 . 859 , 7 . 766 
P2= 1 1 4 . 522 , 1 25 . 3. 69 , 7 . 766 
P3= 1 X 4 . 70 1 , 1 25 . 074 , 7 . 766 
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***** .TOP SURFACE. OF TOP FEED 


**** 


**** 

;S 


SlJEFN-5 ,, , t 
TYPE=RECT 
ACT I VE=BQTTOM 
PROF— 0 „ 5 , 0 5 

P 1 = 1 1 6 . 1 0 1 , 1 27 764 , 7 . 766 


nr.' o r ’> O 




859 , 7 . 766 


P3= 115. 922 , 1 27 . 859 , -7 . 766 

BOTTOM SURFACE OF TOP FEED 

SURFN-6 

TYPE=RECT 

ACT I VE- TOP 

PROP-O . 5 , 0 . 5 

P 1 - 1 1 4 . 70 1 , 1 25 . 074 , 7 . 766 
P2— 1 1 4 . 522 ,125.1 69 , 7 . 766 
P3= 114. 522 , 1 25 . 1 69 , -7 . 766 
F'4= 1 1 7 . 498 , 1 20 . 490 , . 8685 
LEFT FEED, SUN FACING SURFACE 
LEFT 

SURFN— 1 2 

TYPE=F'0LY 

ACTIVE-BOTTOM 


PR0F -0.5,0. 3 

P 1 = 11 5 9 1 9,115. 368 , 1 4 . 53 1 
P2= 1 j. 7 . 079 , 1 1 2 , 662 ,13. 806 
P3= 1 1 7 . 078 ,116. 204 , . 5868 
P4= 1 1 6 « 3-0 6 , 1 1 8 . 1 50 ,.61 5b 
P5- 1 1 5 . 9 1 9 , 1 1 9 . 03 1 , . 8543 
**** LEFT FEED, RIGHT LOWER , SURFACE 
SURFN =20 
TYPE=RECT 
ACT I VE=BOTTOM 
F'RUP=0 . 5 ,0.5 

P 1=116. 306 , 1 1 8 . 1 30 ,.61 35 
P2= 1 1 7 . 078 , 1 .1. 6 . 204 , . 5868 
P3= 1 1 7 . 266 , 1 1 6 . 278 , . 6066 
**** LEFT FEED , R I GHT UPPER , SURFACE 
SURFN =2 1 
TYPE-RECT 
ACT I VE=BOTTOM 
PROP-O . 5 , 0 . 5 

P 1 = 1 1 5 . 9 1 8 , 1 1 9 . 03 1 , « 8548 
P2= 1 1 6 . 306 , 1 1 8 „ 1 30 , , 6 1 35 
P3= 1 1. 6 . 492 , 1 J. 8 . 204 , . 6332 
**** LEFT FEED, EARTH FACING SURFACE 
SURFN=22 
type-pol.y 

ACT I VE-TOP 
PRuF=o. 9 , o„ 9 

P 1=116. 1 05 , 115. 442 ,14. 550 
P2= 1 1 7 .. 267 , 1 1 2 . 737 , 1 3 . 826 
P3= 1 1 7 . 266 , 116. 278 , . 6066 
P4= 1 1 6 . 492 , 1 1 8 . 204 , . 6332 
P5= 116.1 05 ,119.1 06 , . 8748 



s 


c •**■** 

s 


c **•#* 

s 


c #**■* 

BCS 

R 


HEADER 

BCS 

BCS 

BCS 

HEADER 
BU I I....D 

C: 


L. 

C 


L 

c; 

0RB6EN 


C 

END OF 
END OF 


p Aqe 

LEFT FEED, LEFT SURFACE OF POOR CHlAi 

SURFN=30 * r 

TYPE -REST 
ACTIVE-TOP 
PROP-0,, 5,0. 5 

Pl-1 15. 919, 115.368,14.531 
P2= 117. 079 ,112. 662 ,13. 806 
P3=l 17. 267, 112.737,13.826 
LEFT FEED, BOTTOM SURFACE 
SURFN-3 1 

TYPE-REGT — 

ACTIVE-TOP 
PROP-O .5,0.5 

P 1=11 7 . 267 ,112. 737 ,13. 826 
P2- 117. 079 , 1 1 2 . 662 ,13. 806 
P3- 117. 078 ,116. 204 , . 5868 
LEFT FEED, TOP SURFACE 
SLJRFN-3 2 
TYPE-RECT 
ACTIVE-BOTTOM 
PROP-O. 5 ,0.5 

Pl-116. 105, 115.442,14.550 
P2= 115.919,115. 368 ,14. 53 1 
P3-115. 918,1 19.031 , .8548 

RIGHT FEED, SUN FACING SIDE, IMAGED FROM LEFT FEED 
RIGHT, I MQBCS=LEFT,N INC-200, I REF-999, I GEN- ALL 
REFNO-999 

P 1 - 1 1 6 . 838 ,119. 60 1 , 0 . 00 
P2- 117. 838 ,119.601, 0 . 00 
P3= 117. 868 ,118. 60 1 , 0 . 00 
BCS DATA 

TOP , 0. ,0. ,0. ,0. ,0. ,0. 

LEFT , 0 . ,0. ,0. ,0. ,0. ,0. 

R I GHT , 0 . , 0 . , 0 . , O . , 0 . , 0 . 

OPERATIONS DATA 

FEEDS , TOP , LEFT , R I GHT 

CALL ND AT AS < 0 , SHALL , 0 , 2HN0 , 0 ) 

NP LOT $ THIS IS NOW A COMMENT CARD ! (NODE PLOTS) 

CALL OR I ENT ( 4HPL. AN ,1,2,3, 0 . 0 , 0 . 0 ,0.0) 

CALL 0RBIT2 (SHEAR, 0.0, 90. 0,0. 0,0. 0,0. 0,6. 66E5*3. 28 , 0. 0) 

FECAL 

SFCAL 

CALL GBDATA ( 4HB0TH , 0 , 2HFF ) 

GBCAL 

CALL RKDATA < 0 , 2HN0 , 0 , 1 00 , 5HSPACE , 99999 , 0 , 0 , 0 , 0 ) 

RKCAL 

OPLOT*THIS IS NOW A COMMENT CARD! (ORBIT PLOTS) 

CALL D I DT 1 ( 4HN0SH , 0 , 0 , 0 , 0 , O , 2HN0 , 2HNQ ) 

C I RP , 0 . ,360. ,8, DI 

CALL PLDATA < 5H I FALL , 3HALL , 3H ALL , 2HN0 ,0,0, 0 , 0 , 0 , 0 , 2HN0 ) 
PLOT 


DATA 

FILE 
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"AVERAGE" SURFACE TEMPERATURE 
APPENDIX B 
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This appendix presents the temperatures for the top and bottom radiometer 
containers for the absorptance and emittance values studied. Each surface was 
examined for its maximum and minimum temperatures for each orbit. Maximum and 
minimum temperatures for all surfaces were selected at the following orbit times: 


Orbit 

TAVGMAX 

TAVGMIN 

2 

1.6 hrs. 

2.8 hrs 

3 

3.6 hrs. 

4.3 hrs 

4 

5.2 hrs. 

5.9 hrs 


Orbit 1 was not used because the containers had not been exposed to a complete 
thermal cycle — full sun-to-full shadow exposure. 

The calculated "average" surface temperatures for the top and bottom containers 
were determined by using equation 1. 
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Top Radiometer Container 



a 

s 

e 

a /e 
s 

TAVGMAX, (°F) 

TAVGMIN, (°F) 


.1 

.9 

.1 

-21 

-38 

.1 

.6 

.2 

-45 

-63 

.1 

.3 

.3 

-77 

--96 

.4 

.9 

.4 

24 

-16 

.4 

.7 

.6 

12 

-28 

.4 

.1 

4.0 

-48 

-80 

.5 

.9 

.6 

38 

2 

.5 

.7 

.7 

24 

-14 

.5 

.5 

1.0 

5 

-13 

.5 

.3 

2.0 

-18 

-52 

.5 

.1 

5.0 

-40 

-77 

.6 

.9 

.7 

50 

0 

.6 

.6 

1.0 

32 

-18 

.6 

.3 

2.0 

6 

-45 

.6 

.2 

3.0 

-4 

-53 

.7 

.9 

.8 

62 

2 

.7 

.7 

1.0 

52 

-7 

.7 

.3 

2.0 

21 

-40 

.9 

.9 

1.0 

82 

14 

.9 

.5 

2.0 

61 

-10 


Table Bl.- Calculated "average" surface temperatures for 
the "top" radiometer container 


Bottom Radiometer Container 



a 

s 

e 

a /e 
s 

TAVGMAX, (°F ) 

TAVGMIN, (°F) 


.1 

.9 

.1 

-16 

8 

.1 

.6 

.2 

-42 

-15 

.1 

.3 

.3 

-72 

- -40 

.4 

.9 

.4 

30 

-15 

.4 

.7 

.6 

14 

-24 

.4 

.1 

4.0 

-42 

-86 

.5 

.9 

.6 

41 

13 

.5 

.7 

.7 

23 

1 

.5 

.5 

1.0 

6 

-13 

.5 

.3 

2.0 

-12 

-31 

.5 

.1 

5.0 

-26 

-50 

.6 

.9 

.7 

51 

-3 

.6 

.6 

1.0 

34 

-22 

.6 

.3 

2.0 

7 

-50 

.6 

.2 

3.0 

-5 

-59 

.7 

.9 

.8 

60 

2 

.7 

.7 

1.0 

46 

-11 

.7 

.3 

2.0 

14 

-43 

.9 

.9 

1.0 

79 

9 

.9 

.5 

2.0 

42 

-17 


Table B2.- Calculated "average" surface temperatures 
for the "bottom" radiometer container. 
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